Abstract: The aim of the study was to investigate the effects of melatonin implants on cashmere growth and productive performance of cashmere goats.
Introduction
Cashmere is well-known as a high-grade fiber, which is mainly produced in China, Mongolia, Iran, and several other countries. As cashmere production makes a significant contribution to the economy (Seki et al. 2011) , the increase in cashmere production is a big concern for livestock industry. In China, the largest cashmere producer in the world, about 30% of cashmere production comes from Inner Mongolian cashmere goats (Zhou et al. 2003) . Seasonal cashmere growth cycles in Inner Mongolian cashmere goats have been well defined with outgrowth on the surface in August and ceases in following February with shedding of the fleece at the end of April, and the nongrowing period for cashmere is from March to July (Da et al. 1991) . Cashmere growth exhibits a seasonal rhythm arising from circannual changes in the natural photoperiod (Klören and Norton 1993; Dicks et al. 1994; Santiago-Moreno et al. 2004) . Melatonin is a critical intermediary between the photoperiod and cashmere growth (Teh et al. 1991) . Melatonin treatment can mimic the effects of short-day photoperiod on the coat cycle (Allain et al. 1981; Smith et al. 1987) , which indicates that it is involved in the regulation of the timing of seasonal fiber growth by relaying photoperiodic information.
It has been shown that melatonin plays a positive role in cashmere growth. Melatonin implants, injection, or artificial lighting control could stimulate cashmere growth in varying degrees during the cashmere nongrowing period (Betteridge et al. 1987; Litherland et al. 1990; Welch et al. 1990; Teh et al. 1991; Nixon et al. 1993; Gebbie et al. 1994; Klören and Norton 1995; Liu et al. 1998) . Administration of exogenous melatonin during the cashmere nongrowing period altered timing of cashmere growth cycle by inducing the cashmere growth in advance and also resulted in earlier cashmere shedding followed by another cycle of cashmere growth (Betteridge et al. 1987; Litherland et al. 1990; Welch et al. 1990; Liu et al. 1994; Liu et al. 1998; Klören and Norton 1995) . During the cashmere growing period, the use of exogenous melatonin could also improve cashmere growth (Mitchell et al. 1991; Yue et al. 2007a; Chang 2010; Cong et al. 2011) ; however, some research works found that it resulted in the advance of the spring moult of cashmere (Chang 2010) and reduced maximum fleece length by inducing an early cessation of cashmere growth . Mitchell et al. (1991) and Yue et al. (2007a) demonstrated that melatonin implants during the cashmere growing period did not change the cashmere growth cycle; however, there was no significant increase in total cashmere production. Unfortunately, previous experiments have not been able to show a practical method to increase cashmere yield. In addition, Yue et al. (2007a) found that melatonin implants with different doses (0, 2, 4, and 8 mg kg −1 BW, respectively) at 2-mo intervals starting from summer solstice did not result in earlier cashmere shedding followed by another cycle of cashmere growth, and the suitable dose of melatonin implantation was 2 mg kg −1 BW. Subsequently, Cong et al. (2011) found that melatonin implantation (2 mg kg −1 BW), according to the experimental result of Yue et al. (2007a) , from winter solstice extend the cashmere growth phase. Therefore, we hypothesized that melatonin implants strategically with 2 mg kg −1 BW at 2-mo intervals in the cashmere nongrowing period may prevent the earlier cashmere shedding by combining the induced growth of cashmere fleece with the typical growth. If it does, it will be a huge step in increasing cashmere production. This study was aimed to assess the effects of melatonin administration at different times during the cashmere nongrowing period on cashmere growth and productive performance in Inner Mongolian cashmere goats.
Materials and Methods

Animals and management
The experiment was conducted from 26 Apr. 2013 to 26 Apr. 2014 on YiWei White Cashmere Goat Farm located in the Inner Mongolia Autonomous Region of China (latitude 39°06′N, longitude 107°59′E, and at an altitude of 1500 m). All procedures used in this study were approved by the Animal Care and Use Committee of China Agricultural University (Beijing, China).
The feeding and management was typical of other goats at the cashmere goat farm where goats are kept year round in a desert pasture with occasional supplementary feeding. Goats were provided with grazing and supplementary feeding management from January to June, with 0.275 kg d −1 concentrate (70% corn and 30% condensed feed purchased from Baotou Jiuzhoudadi Biotech Company, Baotou, China) per goat provided in January 2013, which was gradually increased to 0.4 kg d −1 in April and subsequently increased to 0.55 kg d −1 in May and June to meet the needs of the goats during lactation. Goats were grazed on natural pasture without supplementary feeding from July to December.
Experimental design
Thirty female Inner Mongolian cashmere goats (2-3 yr old with an initial BW of 34.5 ± 2.16 kg) were combed with a small wooden rake to remove the previous year's cashmere on 26 Apr. Then, the goats were randomly assigned to one of three treatments (n = 10), including a control (treatment 1) and two treatments. The treated goats received subcutaneous implants of microcapsules (Beijing Kangtai Biological Technology Company, Beijing, China) containing melatonin in the base of the ear either on both 26 Apr. and 26 June (treatment 2) or only on June 26 (treatment 3), to provide a continuous release of melatonin. The implants were made from medical grade silicone elastomer impregnated with melatonin, which slowly release melatonin at least 60 d. Treated goats received 2 mg melatonin kg −1 BW and the dose applied was based on the research of Yue et al. (2007a) .
Sampling and measurements
At intervals of approximately 1 mo, a patch of fleece (30 mm × 30 mm) was shorn from the midside of each goat at the skin level for subsequent analyses of fiber length and diameter (no samples were taken before cashmere fiber to germinate). Each clipping was obtained immediately adjacent to the location of the last shearing but was always different from any previously sampled areas. Cashmere was harvested on 26 Apr. 2014 by combing as previously described and was weighed using an electronic scale.
The cashmere fiber samples were soaked in carbon tetrachloride detergent solution overnight, rinsed thoroughly in deionized water, and then dried at 80°C. A total of 100 cashmere fibers were randomly chosen from each sampling date of each goat to measure the stretched length of the cashmere using a scaled ruler, whereas 200 random cashmere fibers were used for the diameter measurement with an Optic Fibre Diameter Analyzer (CU-6, Beijing United Vision Technical Company, Beijing, China).
The average cashmere growth rate was determined from the linear portion of cumulative cashmere growth curves, in which a regression line was calculated to develop a model that could explain the cycle of cashmere growth . Initiation and cessation dates were determined by extrapolating the linear portion of cashmere growth to the minimum (0 cm) and maximum length of cashmere growth, respectively.
Statistical analysis
The data were analyzed using the t-test, one-way ANOVA procedure of SAS (SAS 1999). Significant differences were determined by Tukey's multiple range test at the P = 0.05 level.
Results
Cashmere growth patterns
The cashmere growth curves of the goats in control and melatonin treatments are presented in Figs. 1A and 1B. There was no change in cashmere length (0 cm) of control goats from May to July 2013, and then it increased to a maximum in April 2014. Cashmere length increased steadily in treatment 2 from June 2013 until April 2014 with no change (0 cm) from May to June, and it was longer than that of control group (P < 0.05) from July 2013 to April 2014 (Fig. 1A) . The pattern of cashmere growth in treatment 3 was similar to that of the control, but it was longer in August and September 2013 (P < 0.05) (Fig. 1B) .
Melatonin implants in April stimulated cashmere growth for which regressions were calculated (Table 1) . Initiation date of the cashmere growth cycle was earlier (22 May 2013 vs. 19 June 2013 in treatment 2 and the duration of cashmere growth was longer (307 vs. 286 d) than the control group (P < 0.01). The initiation date of the cashmere growth cycle was earlier (5 June 2013 vs. 19 June 2013) in treatment 3 than the control (P < 0.01), but no significant difference for the duration of cashmere growth (294 vs. 286 d) was seen. Moreover, there was no difference in initiation date and the duration of cashmere growth between treatments 2 and 3, and also no significant difference observed in the cessation date for growth and the cashmere growth rate among three treatments.
Cashmere productive performance
The effects of melatonin treatments on cashmere productive performance are shown in Table 2 . Cashmere yield and maximum length of cashmere growth were higher in treatment 2 compared with treatment 3 and the control (P < 0.01), but there was no significant difference between treatment 3 and the control. In addition, no significant difference was observed in cashmere fiber diameter between control-and melatonin-treated goats.
Growth performance of cashmere goats
The effects of melatonin treatments on growth performance are presented in Table 3 . There was no significant difference in initial BW among the three treatments, and no difference was observed in the final BW and average daily gain between control-and melatonin-treated goats.
Discussion
This study showed that melatonin implantation stimulated the cashmere growth during the cashmere nongrowing period, which is consistent with the findings of Betteridge et al. (1987) , Litherland et al. (1990) , Welch et al. (1990) , Klören and Norton (1995) , and Liu et al. (1998) .
For goats treated with melatonin in April and June, the calculated initiation date for cashmere growth was The cessation date of growth and the growth rate of the whole cashmere growth cycle were not affected by melatonin implantation, which indicated that melatonin implanted in April and June just induced the cashmere growth cycle to come earlier. Therefore, the extension of the cashmere growth cycle (307 vs. 286 d) can be attributed to cashmere growth from June to July, which also confirms that constant melatonin availability during long-day period may have similar consequences as the cashmere growth of seasonal-type cashmere goats during the short-day period. In addition, it has been shown that fiber length, which has been used as a selection criterion for cashmere production, is significantly correlated with cashmere weight (Restall et al. 1984; McDonald 1988) . Therefore, the increased cashmere yield (795 vs. 661 g) observed in goats treated with melatonin in April and June can be attributed to the longer fiber length (100.71 vs. 87.07 mm) induced by extension of the cashmere growth cycle (307 vs. 286 d).
The pattern of cashmere growth in treatment 3 was similar to that of the control, suggesting that melatonin implanted only in June had no effect on cashmere production. However, the initiation date was 14 d earlier and the cashmere length was longer in August and September than the control, suggesting that melatonin implanted in June just increased the cashmere growth in the beginning of the natural cashmere growth cycle.
These results suggested that melatonin implant was effective in stimulating cashmere growth, and April Initial body weight taken when implants were inserted (i.e., 26 Apr.) and final body weight was taken when cashmere production ceased. Note: Values with lowercased italic letters within the same row differ significantly. a S.E.M. = standard error of the mean and June was identified as the most appropriate time to implant. Previous researches have been reported of altered cashmere growth cycle in response to the use of exogenous melatonin during the cashmere nongrowing period. In New Zealand cashmere goats, it has been demonstrated that cashmere growth during the cashmere nongrowing period can be initiated by administration of melatonin in spring (Betteridge et al. 1987; Litherland et al. 1990; Welch et al. 1990 ), but it resulted in earlier cashmere shedding followed by another cycle of cashmere growth; thus, cashmere must be harvested several weeks after treatment with melatonin implants to prevent excessive losses of cashmere due to the moult. The consistent conclusion with the findings of New Zealand cashmere goats was obtained in Chinese cashmere goats (Liu et al. 1994; Liu et al. 1998) and Australian cashmere goats .
The implantation scheme is considered as one factor that could cause the discrepancy in the effects of melatonin treatment on cashmere growth cycle or cashmere yield. In this study, melatonin (2 mg kg −1 BW) was implanted on two occasions in two different months (i.e., 26 Apr. and 26 June) or only on 26 June. The release of melatonin from implantation treatment in all goats was exhausted at the end of August when the natural cashmere growth cycle started, which indicated that exogenous melatonin just stimulated cashmere growth during the cashmere nongrowing period without influencing the typical growth. It succeed in combining the induced growth of cashmere fleece by the administration of melatonin during the cashmere nongrowing period with the typical growth. However, other similar research found that when the time of implant depletion was early, the growth of the induced cashmere fleece could not be combined with the typical cashmere growth. For example, Liu et al. (1998) demonstrated that melatonin implantation in Chinese cashmere goats with two doses in late April initiated cashmere growth ahead of schedule, but the cashmere in all of the melatonintreated goats was shed from late August to early September and another cashmere growth cycle followed. Likewise, Litherland et al. (1990) found that in spring single 18 mg melatonin implant in New Zealand cashmere goats on 29 Sept. or 10 Nov. resulted in the growth of two fleeces in one season; however, in the natural cashmere growth cycle, new down fibers reach measurable lengths in January and fibers moult commences in August. In Australian cashmere goats, Klören and Norton (1995) showed that melatonin implantation (18 mg) at three intervals of 1 mo commencing in July extended cashmere growth for extra 3 mo, but it was followed by a shorter cashmere growth cycle of about 4 mo. In contrast, no growth was observed in control goats from July until the normal cashmere growth cycle was initiated in November.
Cashmere fiber diameter is the most important factor to define the value per unit weight of cashmere fleece. Increasing cashmere production and maintaining low cashmere fiber diameter are typically associated with higher economic returns. This study showed that the cashmere fiber diameter was not affected by melatonin implantation which is in accordance with the findings in Inner Mongolian cashmere goats (Liu et al. 1994; Yue et al. 2007a; Chang 2010) , Liaoning cashmere goats (Cong et al. 2011) , and New Zealand cashmere goats (O'Neill et al. 1992 ). However, Wuliji et al. (2003) reported that melatonin given orally (3 mg d −1 ) or in a slow-release implant (Regulin) in spring increased the fiber diameter of Spanish goats. Discrepancy in the above effects of melatonin implantation on cashmere fiber diameter may be due to the different doses of melatonin applied and different livestock management.
The previous research showed that there was no significant effect of exogenous melatonin on body weight of cashmere goats. Liu et al. (1994) and Yue et al. (2007b) demonstrated melatonin implants subcutaneously with 1.2 and 2 mg kg −1 BW, respectively, had no effect on the body weight of Inner Mongolian cashmere goats. In Liaoning cashmere goats, Cong et al. (2011) found that there was no significant effect of melatonin implantation (2 mg kg −1 BW) on feed intake and live weight. Consistent with the above results, the final BW and average daily gain in our study were not affected by melatonin implantation, which indicated no influence on growth performance of cashmere goats.
Conclusions
In conclusion, implantation of melatonin either in April and June or in June stimulated cashmere growth. Melatonin implanted in April and June increased cashmere yield by extending the cashmere growth cycle and increasing maximum length without changing cashmere fiber diameter and growth performance. Thus, it is suggested that melatonin implants (2 mg kg −1 BW) in late April and late June are effective to improve cashmere production in Inner Mongolian cashmere goats.
